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PREFACE

This report was prepared by Rockwell International Corporation, Los
Angeles Aircraft Division, Los Angeles, California, under Contract
F33615-71-C-1922, No. FX2826-71-01876/C093. The work was performed for the
Deputy for Development Planning, Air Force System Command, Wright-Patterson
Air Force Base, Ohio, and extended from September 1971 to June 1974.

Eugene L. Bahns, ASD/XRHD, was the Air Force program manager. Leonard
Ascani was the program manager for Rockwell International. Other Rockwell
personnel contributing to the project included:
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Wildermuth - Airloads
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Byar - Airloads
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Mellin - Structure and Fatigue
Haroldson - Thermodynamics

. Konishi - Advanced Composites
Hodson - Structural Dynamics

The final report was published in 11 volumes; the complete list is as
follows:

Volume

I "Executive Sumary'

I1 "Program Integration and Data Management Module"
IIT "Airloads Estimation Module'

IV 'Material Properties, Structure Temperature, Flutter, and Fatigue"
\Y "Air Induction System and Landing Gear Modules"
VI '"Wing and Empennage Module'

VII  '"Fuselage Module'

VIII '"Programmer's Manual"

IX '"User's Manual"

X "Flutter Optimization Stand-Alone Program'

XI 'Flexible Airloads Stand-Alone Program'
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Section I

INTRODUCTION AND SUMMARY

SUMMARY OF CAPABILITIES

Two main functions of the loads module are the development of design
airloads and wing fatigue spectrum data for fixed or variable sweep-wing
tighter, attack, bomber, and trunsport vehicle categories. Different general
arrangements that can be evaluated are:

1. Conventional aft horizontal tail

t9
-

Forward fuselage-mounted horizontal tail (canard)

(93]

Single or twin vertical tails
4. T-type vertical tail !

Component airloads and centers of pressure are calculated for a number
of flight conditions to provide reasonable expectation that the maximum air-
loads are encompassed. These conditions include both flaps-up and flaps-down
cases as well as critical maneuver ard gust conditions along the vehicle
speed-altitude profile. Limit airload shear, bending moment, and torsion are
calculated at stations along the load reference line for each of the lifting
surfaces. Airload shear, bending moment, and torque are combined with the
surface inertia loads to determine a critical design load envelope for the
wing, horizontal tail, and vertical tail. Material properties at the struc-
ture temperature, load factor, and weight of contents at the specific condi-
tion enter into the derivation of critical design loads at each weight analy-
sis station. Net fuselage loads are calculated within the fuselage weight

estimating module which uses the matrix of airload data generated within this
module.

T

Wing bending moment spectra are calculated at two wing stations for a
specified service life and number of landings. Flight spectra are calculated
from specified blocked mission usage segments and load factor exceedence {
tables for the different vehicle categories. Spectra data is transmitted to

the fatigue module which calculates the wing allowable operating tensile i
stresses. i

10




MODULE STRUCTURE AND OPERATION

This program is written in FORTRAN IV extended programming language for
operation on the CDC 6600 computer and is structured in a single overlay
within 50,000 octal core locations. Execution of this module is dependent on
data calculated in the data management module and the flutter and temperature
module.

Program calculation options and output are controlled by user specifica-

tions. Output consists of all load calculations as well as temperature data
generated in the flutter and temperature module.

11



Section II

METHODS AND FORMULATIONS

AIRLOAD COMPUTING MODULE FUNCTIONS

The objective of the loads module is to determine the design airloads on
the structural components for use in the structural weight estimation process.
A second function of this module is the development uf wing bending moment
spectra for fatigue evaluation,

The methods used to determine loads on the air vehicle structural components

are sensitive to vehicle weight, center-of-gravity position, design speeds,
design limit maneuver load factors, and the configuration geometry. The
geometry of the lifting surfaces are described in terms of area, aspect ratio,
taper ratio, sweep angle, and fuselage stations of the leading edges of the
theoretical root chords (Figures 1 and 2). Body geometry is described in
terms of body nose length, nose volume, maximum equivalent radius, and the
fuselage station of the nose leading edge.

Specific load calculating functions are divided into separate routines
which are called by the load control program BLCNTL. Methods employed are
described herein and are presented in the order that subroutines USPAN, BNLDS,
SPABM, MAXLDS, WHVNET, and FATMG are used.

Subroutine USPAN calculates the following data for the airplane lifting
surfaces for specific mach numbers:

1. Unit airload shear, bending moment, and torsional moment
distributions

2. Centers-of-pressure locations for each of the surface airloads
3. Lift-curve slopes for each of the surfaces

Subroutine BNIDS calculates the airplane component gross limit airloads
and their centers of pressure for specific flight conditions.

Subroutine SPABM calculates the limit airload shear, bending moment, and
torsion at stations along the load reference line on each of the lifting sur-
faces for each of the specific flight conditions.

Subroutine FUSNET organizes the calculated loads data and stores it for
use by the fuselage weight estimating module.

12
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Figure 1. Wing or horizontal tail lifting surface geometry.
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S - (cR+ CT)(bVIZ)

A - Load ref line
T/CR (constant X/C)

m = (ot AE

M = I/b, =2, /by

Moy = Zg /b

=
m
Y
oy

XVE = Fuselage station of the theoretical surface apex

Figure 2. Vertical tail 1ifting surface geometry.
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Subroutine MAXLDS determines the net design loads envelope for each of
the lifting surfaces.

Subroutine WHVNET organizes the design loads envelope data, calculates
normalizing factors, and stores the data for use by the wing and empennage
weight estimating module.

Subroutine FATMG calculates the wing bending moment spectra at two wing

stations for a specified service life and number of landings, using specified
blocked usage segments and the specified airplane class.

BASIC FLIGHT CONDITIONS

The airloads on the structural components are determined for a number of
selected flight conditions to provide a reasonable expectation that the maxi-
mum component airloads are encompassed. The speed-altitude points and types
of conditions selected at each point are shown in Figure 3. The types of
conditions which may produce maximum airloads on each component are as
follows:

1. For the wing:

a. Balanced maneuvers at the specified design limit positive
maneuver load factor at the specified basic flight design weight
at speed-altitude points 1, 2, 3, 7, and 10 (Figure 3).

b. Balanced maneuvers at the specified design 1limit flaps-down
maneuver load factor at the specified maximum design weight at
speed-altitude point 8

c. Balanced maneuvers at the specified design limit negative
maneuver load factor at the specified basic flight design weight
at speed-altitude points 4 and 10

d. The positive and negative vertical gust conditions at the speci-
fied basic flight design weight at the speed-altitude points 4,
5, 10, and 11

2. For the horizontal tail:
a. The balanced maneuvers of the foregoing items la, 1b, and 1lc

b. The vertical gust conditions of item 1d

15
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c. The pitch acceleration conditions at one-half the specified
design limit positive maneuver load factor at the specified
pitching acceleration at the basic flight design weight at speed-
altitude points 1 and 3

3. For the vertical tail:

a. The lateral gust conditions at the specified basic flight design
weight at speed-altitude points 4, S, 10, and 11

b. The yaw acceleration conditions at the specified yaw accelera-
tion at the specified basic flight design weight at the speed-
altitude points 1 and 3

4. For the fuselage:

a. The balance maneuver conditions of the foregoing items la, 1b,
and 1c

b. The vertical gust conditions of item 1d

c. The pitch acceleration conditions of item 2c

DETERMINATION OF LIFTING SURFACE UNIT AIRLOADS

The methods of analysis used to develop the lifting surface unit airload
distributions, the surface lift curve slopes, and the surface airload centers
of pressure are presented in the following paragraphs. The unit airloads are
defined, and the basic data used for the determination of the surface unit
airloads are also presented.

The unit airload shears and moments are determined at 13 selected span-
wise n stations along the selected load reference line including the root and
tip stations. The unit airload shear and moments at the surface-body inter-
face station are determined in the unswept (body axes) system. The overall
centers-of-pressure locations of the exposed panel and body carryover loads
are determined with respect to the theoretical surface apex.

UNIT AIRLOAD SHFAR
The unit airload shear, USZ or USY, on the surface at any spanwise sta-

tion, p, is defined as the integral from n to 1.0 of the normalized spanwise
loading parameter, (CiC/CLCAV)’ where total load on the surface is 1.0, i.e.,

17



[
usz, or USY, = T dn 1)

n
and equals 1.0 at station n = 0

UNIT ATRLOAD BENDING MOMENT

The unit airload bending moment, UMX, at any spanwise station, n, is
defined as the integral of the unit shear, USZ or USY, along the load refer-

ence axis, i.e.:

1
b
UMX,] i Z—EFS—A—- / sz df] (2)
R Jn
and
by, :
MX, = USY dn (2a)
| cos A
R Jn
where AR is the sweep angle of the load reference line.

UNIT ATRLOAD TORSIONAL MOMINT

The unit airload torsional moment, UMY or UMZ, about the surface load
reference line and at any station, n, is defined as the integral of the prod-
uct of the normalized spanwise loading parameter times the normal distance
from the load reference line to the local center of pressure, Ax/\’ i.e.:

1

UMY, or IMZ, = - GC \ ax | an 3)
Ty ) 2™

18




CONVERSION TO DIMENSIONAL VALUES

The unit airload shears and moments are determined for a 1.0-pound gross
surface load at selected n spanwise stations. When the gross surface limit
airload is known, the conversion to limit shears and moments are determined as
follows: The n stations are percent of semispan stations and are converted to
span stations in inches along the load reference line. Then, the dimensional
span stations for the wing or horizontal tail is

Yo @ n(b/Z)/cosAR (4)

and for the vertical tail is

ZA = (b)/cosAR (5)

The wing and horizontal tail limit airload shear, Sz, the bending moment,
Mya» and the torsional moment, My,, at any span stationY, are determined as
follows where Pzg is the wing or horizontal tail panel limit airload:

s, = P, USZ (6)
Mea = Ppg UMK (7)
Moy = Pyg UMY 8)

Similarly for the vertical tail, the limit shear, Sy, bending moment,
Mya» and torsional moment, Mz, at any station, Z,, are determined as follows

where pYS is the vertical tail panel limit airload:

SY = pYS usy (9)
MXA = PYS UMX (10)
MZA = PYS UMZ (11)

19




The limit airload moments, My, My, and Mz, in the unswept (body axes)
system at the surface-body interface station Ypy (Figure 1) or Zgy (Figure 2)
are as follows:

For the wing or horizontal tail

My = My cosAp + M, sin Ag (12)

M, = M, cosAp - My o sin Ap (13)

and for the vertical tail

M, = M pcosAp + M sin Ap (12a)
M, = M, cosAp - MxASinAR (13a)

where the moment Mya, Mys, and Mzp are the limit airload moments along the

load reference line at station YA = YBI/cos AR or Z e ZBI/cos AR'

BASIC DATA FOR UNIT AIRLOAD DETERMINATION

LIFTING SURFACE AFRODYNAMIC DATA

The unit airloads for the lifting surface is defined as the shear, bend-
ing moment, and torsion versus span for a total surface panel airload of
1 pound. The total surface panel load includes the carryover load on the
body. The exposed surface load is the load outboard of the body-surface
interface station.

The unit airload distributions are developed using precalculated spanwise
lift distributions from references 1 through 4. These data are tabulated and
stored in the SWEEP program data bank.

For subsonic speeds, these data are obtained from Figures 3 and 4 of
reference 1 and consist of the variation of the spanwise loading parameter,
(CyC/CiCAV) » due to angle of attack and the 1ift-curve slope parameter,
(BC1a/K), with the compressible sweep parameter, Ap, for various values of the
aspect-ratio parameter, (BA/K), and taper ratio, A. The lift distribution due
to wing flap deflection is obtained from Figure 32(c) of reference 2 where the
spanwise loading parameter, (CEC/CA\;CL ), is presented for various percent of
span flaps. These subsonic data are presented in Tables 1, 2, and 3.

20




TABLE 1. SUBSONIC SPAN LOADING PARAMETER, CIC/CLCAV
CIC/CLCAV

° =160 =20° =45° =60° =7C0

A BA/K AB-O AB 15 AB 30 AB 45 AB 60 AB 75

0.0 0.0 1.5 1.355 { 1.340 1.325 1.310 1.300 1.295
0.0 0.0 2.5 1.405 | 1.380 1.352 1.322 1.310 1.298
0.0 0.0 3.5 1.450 | 1.405 1.372 1.340 1.312 1.301
0.0 0.0 4.5 1.480 | 1.430 1.387 1.350 1.314 1.304
0.0 0.0 6.0 1.520 | 1.457 1.400 1.355 1.316 1.306
0.0 0.0 8.0 1.580 | 1.493 1.420 1.360 1.318 1.308
0.0 0.0 10.0 1.610 | 1.520 1.435 1.370 1.320 1.310
0.0 0.25 1.5 1.307 | 1.300 1.286 1.265 1.232 1.140
0.0 0.25 2.5 1.332 | 1.302 1.278 1.240 1.175 1.070
0.0 0.25 3.5 1.346 | 1.305 1.267 1.215 1.135 1.020
0.0 0.25 4.5 1.360 | 1.307 1.260 1.200 1.100 1.000
0.0 0.25 6.0 1.382 | 1.310 1.250 1.180 1.080 0.970
0.0 0.25 8.0 1.400 | 1.312 1.232 1.140 |.1.045 0.940
0.0 0.25 10.0 1.420 | 1.315 1.220 1.120 1.005 0.880
0.0 0.50 1.5 1.290 | 1.280 1.265 1.242 1.183 1.035
0.0 0.50 2.5 1.291 | 1.270 1.240 1.185 1.100 0.945
0.0 0.50 3.5 1.292 | 1.255 1.200 1.140 1.030 0.860
0.0 0.50 4.5 1.293 | 1.240 1.180 1.100 0.970 0.785
0.0 0.50 6.0 1.296 | 1.230 1.150 1.050 0.915 0.710
0.0 0.50 8.0 1.300 | 1.210 1.120 1.010 0.860 0.0
0.0 0.50 10.0 1.305 | 1.200 1.090 0.950 0.770 0.520
0.0 1.00 1.5 1.267 | 1.252 1.225 1.190 1.090 0.890
0.0 1.00 2.5 1.250 | 1.212 1.163 1.090 0.960 0.750
0.0 1.00 3.5 1.235{ 1.180 1.107 1.010 0.880 0.700
0.0 1.00 4.5 1.215 | 1.145 1.060 0.945 0.805 0.610
0.0 1.00 6.0 1.185 | 1.100 1.002 0.885 0.740 0.550
0.0 1.00 8.0 1.167 | 1.067 0.945 0.81v 0.660 0.460
0.0 1.00 10.0 1.140 | 1.025 0.892 0.745 0.575 0.350
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TABLE 1. SUBSONIC SPAN LOADING PARAMETER, ClC/CLCAV (OONT)

OO QOO OoOOO OO0 OOOOC COOOOCOQ

OO0 OO0 O

C,C/C,Cyy
n | BAK | Ag=0° [ A=15° | Ap=30° | Aj=45° | Ap=60° [ A=T5°
.383 | 0.0 1.5 | 1.220 { 1.207 | 1.200 | 1.200 | 1.201 | 1.210
.383 | 0.0 2.5 | 1.235 | 1.220 | 1.212 | 1.212 | 1.215 | 1.230
.383 | 0.0 3.5 | 1.240 | 1.227 | 1.221 | 1.225 | 1.230 | 1.245
.383 | 0.0 4.5 | 1.250 | 1.240 | 1.232 | 1.230 | 1.245 | 1.260
.383 | 0.0 6.0 | 1.260 | 1.257 | 1.250 | 1.245 | 1.250 | 1.270 .
.383 | 0.0 8.0 | 1.270 | 1.270 | 1.273 | 1.275 | 1.290 | 1.300
.383 [ 0.0 | 10.0 | 1.265 | 1.265 | 1.265 | 1.270 | 1.280 | 1.295
.383 | 0.25 | 1.5 | 1.185| 1.180 | 1.180 | 1.180 | 1.175 | 1.150
.383 | 0.25 | 2.5 | 1.185 | 1.180 | 1.180 | 1.180 | 1.175 | 1.150
.383 | 0.25 | 3.5 | 1.184 | 1.180 | 1.180 | 1.170 | 1.166 | 1.135
.383 | 0.25 | 4.5 | 1.183 | 1.180 | 1.180 | 1.170 | 1.166 | 1.135
.383 | 0.25 | 6.0 | 1.182 | 1.180 | 1.180 | 1.165 | 1.155 | 1.120
.383 1 0.25 | 8.0 | 1.181 | 1.180 | 1.180 | 1.165 | 1.155 | 1.120
.383 | 0.25 | 10.0 | 1.177 | 1.176 | 1.175 | 1.160 | 1.150 | 1.100
.383 ! 0.50 | 1.5 | 1.180 | 1.180 | 1.180 | 1.175 | 1.165 | 1.140
.383 | 0.50 | 2.5 | 1.180 | 1.180 | 1.175 | 1.162 | 1.150 | 1.112
.383 | 0.50 | 3.5 | 1.180 | 1.170 | 1.165 | 1.150 | 1.140 | 1.090 .
.383 1 0.50 | 4.5 | 1.170 | 1.165 | 1.160 | 1.145 | 1.120 | 1.080
.383 | 0.50 | 6.0 | 1.160 | 1.160 | 1.155 | 1.132 | 1.110 | 1.055
.383 [ 0.50 ' 8.0 | 1.155| 1.155 | 1.150 | 1.120 | 1.090 | 1.035
.383 | 0.50 | 10.0 | 1.145 | 1.140 | 1.130 | 1.105 | 1.070 | 1.005
.383 [ 1.00 | 1.5 | 1.175| 1.170 | 1.170 | 1.680 | 1.160 | 1.135
.383 [ 1.00 | 2.5 | 1.170 | 1.165 | 1.162 | 1.155 | 1.135 | 1.070
.383 [ 1.00 | 3.5 | 1.165| 1.160 | 1.155 | 1.142 | 1.110 | 1.020
.383 [ 1.00 | 4.5 | 1.152 | 1.150 | 1.145 | 1.122 | 1.080 | 0.970
.383 | 1.00 | 6.0 | 1.140 | 1.140 | 1.130 | 1.105 | 1.045 | 0.920
.383 [ 1,00 | 8.0 | 1.120 | 1.120 | 1.117 | 1.080 | 1.010 | 0.890
.383 [ 1,00 | 10.0 | 1.112 | 1.112 | 1.098 | 1.060 | 0.980 | 0.845
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TABLE 1. SUBSONIC SPAN LOADING PARAMETER, Clc/CLCAV (CONT)
CBC/CLCAV

[ = [~} - -} = ‘_O——T- = -4 = [+

n A BA/K AB=O AB 15 AB 30 AB 45 AB 60 AB 75
0.707 | 0.0 1.5 0.855 | 0.862 0.870 0.870 0.870 0.875
0.707 { 0.0 2.5 0.825 | 0.842 0.850 0.860 0.868 0.874
0.707 | 0.0 3.5 0.800 | 0.825 0.840 0.860 0.865 0.872
0.707 { 0.0 4.5 0.780 [ 0.805 0.830 0.850 0.860 0.870
0.707 | 0.0 6.0 0.750 | 0.785 0.810 0.840 0.858 0.868
0.707 | 0.0 8.0 0.720 | 0.766 0.800 0.830 0.855 0.867
0.707 | 0.0 10.0 0.700 | 0.740 0.775 0.810 0.842 0.865
0.707 | 0.25 1.5 0.850 | 0.890 0.900 0.915 0.935 0.970
0.707 | 0.25 2 a5 0.875 | 0.887 0.903 0.920 0.950 0.998
0.707 | 0.25 3.5 0.860 | 0.884 0.907 0.927 0.960 1.010
0.707 | 0.25 4.5 0.850 | 0.880 0.910 0.940 0.990 1.045
0.707 | 0.25 6.0 0.840 | 0.876 0.913 0.950 1.000 1.070
0.707 | 0.25 8.0 0.830 | 0.873 0.917 0.960 1.015 1.090
0.707 | 0.25 10.0 0.815 ! 0.870 0.920 0.970 1.030 1.100
0.707 | 0.50 s 0.890 | 0.900 0.905 0.920 0.955 1.030
0.707 | 0.50 2.5 0.890 | 0.900 0.922 0.955 1.005 1.085
0.707 | 0.50 3.5 0.890 | 0.910 0.940 0.980 1.030 1.110
0.707 | 0.50 4.5 0.890 | 0.920 0.955 0.995 1.055 1.150
0.707 | 0.50 6.0 0.890 | 0.930 0.970 1.015 1.085 1.185
0.707 | 0.50 8.0 0.890 | 0.935 0.985 1.040 1.110 1.230
0.707 | 0.50 10.0 0.890 | 0.945 1.000 1.070 1.155 1.260
0.707 | 1.00 1.5 0.910 | 0.910 0.920 0.950 1.000 1.130
0.707 | 1.00 2.5 0.920 | 0.940 0.970 1.010 1.090 1.215
0.707 | 1.00 3.5 0.935 | 0.960 0.995 1.055 1.130 1.250
0.707 | 1.00 4.5 0.947 | 0.985 1.030 1.090 1.165 1.285
0.707 { 1.00 6.0 0.960 | 1.005 1.060 1.120 1.200 1.310
0.707 | 1.00 8.0 0.980 [ 1.030 1.090 1.160 1.250 1.350
0.707 | 1.C0 10.0 0.990 | 1.050 1.115 1.195 1.290 1.400
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TABLE 1. SUBSONIC SPAN LOADING PARAMETIR, C,C/C, C,, (CONCL) i

CC/C,Cry
n S BA/K AB=0° AB=15° AB=30° A.B=4S° AB=60° AB=75°
0.924 | 0.0 1.5 0.390 | 0.415 0.420 0.438 0.445 0.420
0.924 | 0.0 2.5 0.340 | 0.367 0.390 0.402 0.410 0.400
0.924 | 0.0 3.5 0.305 | 0.340 0.367 0.382 0.395 0.390
0.924 | 0.0 4.5 0.285 | 0.318 0.347 0.365 0.380 0.380
0.924 | 0.0 6.0 0.252 | 0.290 0.320 0.350 0.362 0.360
0.924 | 0.0 8.0 0.200 | ©.245 0.288 0.312 0.340 0.340
0.924 | 0.0 10.0 0.207 | 0.250 0.292 0.316 0.342 0.350 '
0.924 | 0.25 1.5 0.465 | 0.480 0.485 0.495 0.515 0.600
0.924 | 0.25 2.5 0.464 | 0.483 0.495 0.520 0.570 0.660
0.924 | 0.25 3.5 0.462 | 0.485 0.500 0.540 0.605 0.730
0.924 | 0.25 4.5 0.460 | 0.488 0.510 0.560 0.630 0.750
0.924 | 0.25 6.0 0.462 | 0.490 0.530 0.590 0.675 0.800
0.924 | 0.25 8.0 0.464 { 0.500 0.550 0.625 0.730 0.885
0.924 | 0.25 10.0 0.465 | 0.510 0.565 0.640 0.760 0.935
{
0.924  0.50 1.5 0.485 | 0.490 0.495 0.502 0.535 0.650 \
0.924 | 0.50 2.5 0.485 | 0.492 0.510 0.550 0.605 0.710
0.924 | 0.50 3.5 0.490 | 0.510 0.545 0.592 0.675 0.820
0.924 | 0.50 4,5 0.500 | 0.530 0.570 0.620 0.710 0.870
0.924 | 0.50 6.0 0.515 | 0.550 0.600 0.665 0.760 0.910
-0.924 { 0.50 8.0 0.537 | 0.580 0.640 0.710 0.815 0.960 l
0.924 | 0.50 10.0 0.550 | 0.610 0.680 0.760 0.870 1.020 :
0.924 | 1.00 1.5 0.500 | 0.500 0.510 0.530 0.570 0.700
0.924 1 1.00 2.5 0.510 | 0.520 0.550 0.590 0.660 0.855
0.924 1 1.00 3.5 0.525 | 0.553 0.590 0.645 0.745 0.940
0.924 | 1.00 4.5 0.550 | 0.580 0.625 0.690 0.800 0.990
0.924 | 1.00 6.0 0.580 | 0.620 0.680 0.755 0.875 1.070
0.924 1 1.00 8.0 0.610 | 0.665 0.730 0.825 0.960 1.160
0.924 | 1.00 10.0 0.642 | 0.700 0.780 0.885 1.030 1.270
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TABLE 2. SUBSONIC LIFT CURVE SLOPE PARAMETER, BCLa/K

BC, /K, per degree

=0° =1€° =20° =4C° =6(0° =750
BA/K ABO AB 15 AB 30 AB 45 AB 60 AB 75

OO OO OO0CO
QOO0 OoOOO0OO

OO OO OOC

e e ° e e
NN
(TR R BT T I T T, )

OO0 OC OO0 O
A R A N T Y, T, T, ]
QOO0 OO

=t e ek e
O OO OO0
O OO ODOOO

1.5 0.0335 0.0342 0.0348 0.0348 0.0315 0.0225
2.5 0.0473 0.0484 0.0482 0.0462 0.0395 0.0231
3.5 0.0574 0.0584 0.0572 0.0525 0.0425 0.0237
4.5 0.0643 0.0650 0.0628 0.0569 0.0453 0.0244
6.C 0.0720 0.0727 0.0694 0.9615 0.0475 0.0265
8.0 0.0787 0.0788 0.0745 0.0645 0.0493 0.0272
10.0 0.0847 0.0840 0.0780 0.0670 0.0505 0.0278
1.5 0.0348 0.0350 0.0350 0.0350 0.0315 0.0205
2.5 0.0498 0.0500 0.0492 0.0465 0.0380 0.0217
3.5 0.0600 0.0605 0.0585 0.0527 0.0420 0.0229
4.5 0.0676 0.0673 0.0638 0.0568 0.0439 0.0242
6.0 0.0760 0.0750 0.0702 0.0610 0.0465 0.0260
8.0 0.0828 0.0810 0.0750 0.0647 0.0490 0.0268
10.0 0.0880 0.0860 0.0796 0.0677 0.0505 0.0275

1.5 0.0350 0.0350 0.0348 0.0338 0.0300 0.0200
2.5 0.0500 0.0500 0.0484 0.0450 0.0370 0.0209
3.5 0.0600 0.0598 0.0570 0.0510 0.0400 0.0219
4.5 0.0679 0.0669 0.0628 0.0546 0.0418 0.0228
6.0 0.0760 0.0740 0.0680 0.0585 0.0440 0.0236
8.0 0.0830 0.0800 0.0725 0.0615 0.0450 0.0242
0.0

0.0878 0.0845 0.0755 0.0630 0.0460 0.0248
1.5 0.0347 0.0346 0.0340 0.0322 0.0280 0.0185
2.5 0.0485 0.0480 0.0458 0.0415 0.0340 0.0192
3.5 0.0582 0.0568 0.0535 0.0475 0.0370 0.0198
4.5 0.0650 0.0630 0.0584 0.0505 0.0385 0.0205
6.0 0.0730 0.0702 0.0645 0.0545 0.0405 0.0215
8.0 0.0795 0.0760 0.0685 0.0575 0.0425 0.0228
0.0 0.0840 0.0805 0.0732 0.0615 0.0450 0.0240
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TABLE 3. FLAP INCREMENTAL SPAN LOADING PARAMETER, C BC/CLaCAV

CoC/CL Cay

F=0.1] F=0.2| F=0.3| F=0.4 | F=0.5| F=0.6 | F=0.7] F=0.8 | F=0.9| F=1.0
0.0 | 0.520] 0.788 | 0.964! 1.068 | 1.120] 1.170| 1.232| 1.240 | 1.250] 1.240
0.1 0.410] 0.776] 0.970| 1.052| 1.124{ 1.176 | 1.230| 1.240 | 1.250| 1.240
0.2 | 0.216] 0.540| 0.930| 1.008 | 1.108| 1.170 | 1.200] 1.220 | 1.240] 1.220
0.3 | 0.164] 0.336] 0.680 | 0.920 [ 1.040| 1.126 | 1.115] 1.118 | 1.220] 1.208
0.4 | 0.120) 0.252| 0.424| 0.604 | 0.948| 1.028 | 1.088] 1.120 | 1.170| 1.172
0.5 | 0.084]0.196| 0.308 | 0.400| 0.640] 0.912 | 0.990| 1.050 | 1.080| 1.092
0.6 | 0.052|0.140] 0.220| 0.304 | 0.430| 0.586 | 0.852| 0.940 | 0.980| 1.000
0.7 | 0.040] 0.100] 0.160| 0.212 | 0.300| 0.396 | 0.600| 0.800 | 0.864 | 0.900
0.8 | 0.040]0.072] 0.110] 0.150 0.200| 0.268 | 0.350| 0.540 | 0.736 | 0.768
0.9 | 0.03210.052| 0.072 | 0.096 | 0.120| 0.160 | 0.200| 0.280 | 0.460 [ 0.588
1.0] 0.0 0.0 |o.0 0.0 0.0 0.0 |0.0 |0.0 0.0 |0.0
NOTE F = b/b

For the supersonic speed regime, data are obtained from Figures 5, 6, 7,
and 9 of reference 3 and Figures 5,6,7, and 9 of reference 4 and consists of
the variation of the spanwise loading parameter, (2I/Vab), with the sweep
parameter, Bm, for various values of the aspect-ratio parameter, BA, and the
taper ratio, A . These data are presented in Table 4.

The determination of carryover 1ift reduction due to body-surface inter-
ference is not within the capability of this program. However, the user may
input estimated reduction factors for each of the lifting surfaces. These
reduction factors are applied to the spanwise loading parameter inboard of the
body-surface interface station.

Other needed parameters which are stored in the SWEEP program data bank
are as follows: The variation of the compressible lift-curve slope correction
factor, B/K, is obtained using the section lift curve slope variation with
mach number data from Figure 7(b) of reference 5, where

B/K = 21/Cy (14)

The resulting variation of B/K with mach number is shown in Figure 4.

The variation of the section center of pressure for the 1lift due to angle
of attack, (X/C), is obtained from Figure 22 of reference 6 and is shown in
Figure 5.
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The variation of the section center of pressure for the lift due to wing
flap deflection, (X/C)F, is obtained from references 7, 8, and 9 and is shown

in Figure 6.

LIFTING SURFACE GEOMETRY

The 1ifting surface geometry used is based on the theoretical
(trapezoidal) platform as shown in Figure 1 for the wing or horizontal tail.
The span stations Ypy and Ypy for the inboard and outboard ends of the wing

flap apply to the wing only.

Figure 2 shows the vertical tail geametry used in the determination of
the unit airload data. For the conventional (non-T-type) empennage with the
horizontal tail mounted on the body, the dimension Zpy is measured from the
Z station of horizontal tail root to the top of the body. For the T-type
empennage, the dimension Zgp is measured from the center of the body to the
top of the body.

WING AND HORTZONTAL TAIL UNIT AIRLOAD DISTRIBUTIONS

The following methods for the detemmination of airload shear and moments
versus span and the centers of pressure of the exposed panel and body carry-
over loads are applicable to the wing and horizontal tail.

UNIT ATRLOAD SHEAR DUUE TO ANGLE OF ATTACK, SUBSONIC

(1 i Mz)l/z (15)

Calculate B

tan AO 25¢
CalculateA_, = Arctan | ————
B B
= 1 1 .1_'L
= Arctan{B [tan/\E A(l = ).)]} (16)

Interpolate the B/K versus M data bank data of Figure 4 to obtain B/K
for the given Mach number.

Calculate BA/K = A(B/K) (16a)
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Figure 6. Variation of flap lift effectiveness, Kcp. and flap 1ift center-
of-pressure, (X/C)g, with flap chord ratio, CF/CW'
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Using BA/K, AB, and \, interpolate the suhsonic (CyC/C Cpy) data bank
data of Table 1 to obtain (CpC/CiCpy) values at the selected n stations.
Carryover lift reduction factor (K_) is obtained from the input .Jata set.
This factor defines a transition in the spanwise loading parameter at the side
of body station (ngy). Should the input value be zero, the program default
assumes an undisturbed spanwise loading parameter (K., = 1.0).

The normalized spanwise loading parameter at the n stations at and out-
board of the side of body is defined by equation 17. Normalized spanwise

loading parameter at and inboard of the side of body is defined by
cquation 17a.

[ 1
cyC ] e ] ( C,C "
“Eav/y C,Cav " CCay
L 1=y
n=n
BI ‘c
v K ——)dn (17)
<o Clav
n=0 /

' \
G\ x ¢c] | C,C N
CCav o Clav . C Cav

L 11= g
7 =Ny, .
+ K d (17a)
co CLCAv
n=0
J
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Equations 17 and 17a define two values for the normalized spanwise
loading parameter at the side of body station. These values are used as
limits when integrating load within segments immediately outboard or inboard

of the side of body, respectively. The unit airload shear due to angle attack
is then

CEC

dn (18)
Clyv

USZAn £

Using BA/K, Ag, and A, interpolate (BC o/K) data bank data of Table 2
to obtain the lift-curve slope parameter, (BCj,/K). Lift curve slope,
adjusted for carry-over 1ift reduction is then calculated by equation 19.

| .
1 m="g;
( gic 4,
dn+ K n
€ Cav @ Sy,
7. B K = =0
. =S.%(CL‘,,/) n=ny . n a9
La (B/K) n=1
C,C
e o
v
n=0
per radian

36




— o, Rada i L S

UNIT AIRLOAD SHEAR DUE TO ANGLE OF ATTACK, SUPERSONIC

1/2
( W - 1) (20)

B cot Ap (21)

Calculate B

Bm

BA = B - A

Using BA, Bm, and A , interpolate the (2[/Vab) data bank data of Table 4
to obtain the (2I/Vab) values at the selected §p stations. Carryover lift
reduction factor (KCO) is used in the same manner as for subsonic flight.

- n:'n
alculate C ’ 2T g BI (2T
Calculate (‘Lo/A = / (Vab) dg + l\co / (vav)dn (22)
ﬂ-ﬂBI n=0
Calculate C; = A(C /A), per radian (23)

The nomalized spanwisc loading parameter at and outboard of the side of
body is defined by equation 24 and, for n stations at and inboard of the side
of body, by equation 25.

S A 2T
cC =T (\kxb)n (24)
L“Av/ n )
cre
¢ A 2T
——] = = K_ (T (25)
CLCAV " ('La co Vab)n
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Calculate the unit airload shear due to angle of attack as follows:

1

cicC )
USZAn = / (——’ )d" (26)
c.c
1 LéAV

UNIT ATRLOAD SHEAR DUE TO WING FLAP DEFLECTION

Calculate (bFO/b) = YFo/(b/Z) 27

(bpy/b) = Y,/ (b/2) (28)

Interpolate the (C,C/CLoCay) data bank data of Table 3 to obtain the

(CyC/CLaCay) values at the selected n values for the (bgg/b) and (bgp/b) wing
flap sran ratios.

Calculate the flap span normalizing parameter, KBF’ as follows:

KB _ (Clc ) ] (Cnc) -
. CLeCAv Iy Cralav "
BI
nen
(C!C ) (CIC )
+ K - dn (29)
o CLa“av o CLalav b /b
o FI
=0
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The normalized spanwise loading parameter at n stations at and outboard
of the side of body is then defined by equation 30 and, for n stations at and
inboard of the side of body, by equation 30a.

' , .
(AC!C ) N r( C!C) ( CyC ) -
“olav i K | \CLoay b p \Lalav -
FO FI
- .Jn
AC'C r )
K C,_C C. C
CLalay " BF Leav/, Laav/y
- FO FI”

The unit airload shear, USZFn » due to wing flap deflection i: then

obtained as follows:
AC"'C ) i
dn (31)
(CLaCAV

1
USZFn = /

n
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UNIT AIRLOAD BENDING MOMENTS

The unit bending moments due to angle of attach and due to wing flap
deflection are obtained as follows, using equation 2:

1
b
= 32
UMXA 7 cosny f USZA dn (32)
1
b
UMXF, = Z_F“R [n USZF dn (33)

UNIT AIRLOAD TORSIONAL MOMENTS

‘The unit torsional moment about the load reference line for the 1lift
due to angle of attack is determined as follows, using equation 3:

f | :
UMYA,, = - —-) AX, d (34)
n An ‘N
n (CLCAV no "
where
CEC
cco is obtained from equations 17 or 17a for subsonic speeds
L°AV/y  and from equations 24 or 25 for supersonic speeds.

AX An is the normal distance from the load reference line to
the local center of pressure at station n, and is posi-
tive when center of pressure is aft of load reference
line.

AXA" is determined as follows:

when n >n BI
Aqu = CA,‘ [(XA/CA)CP - (XA/CA)R] (35)
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where

1 - (1-\N)] CR cosAR

Can = T K, 1 - (VO - Kp/Cy] (36)
Ky = %(H) (sinAg cos A ) | 37)
Kp/Cpg = (/O {1 - KplL - (VC)1} (38)
On/CPep = WO {1 - Kpll - WO} (39)

(X/C)R is the given value of X/C for the load reference line.

(X/C)Cp is the section center of pressure for the lift due to
angle of attack, X/C, and is obtained by interpolation of the
(X/C) versus mach number data bank data of Figure 5.

when n 2 n .: the center of pressure is assumed to be at a constant fuselage
station equal to the center-of-pressure location at the body side. Then,

=5 AR ) b) ..
AXA'I = A.(MBI + (nBI n) (2) smAR (40)

- The unit torsional moment about the load reference line for the lift due
to wing flap deflection is determined as follows, using equation 3:

[1 (ch )
UMF = - AX, dp (41)
n CLatCAV =

where

AC'C
( A ) is obtained from equations 30 or 30a and AXp is

La AV determined using equations 35 through 39 except that
(X/C)cp is obtained from interpolation of the (X/C)p
versus (CF/CN) data bank data of Figure 6.
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GROSS SURFACE UNIT AIRLOADS

The values of the unit shears and moments at the surface's theoretical
root station, n= 0, corresponds to the total surface values per side. The
values of the unit shears and moments at the side of the body station,

n =npgy, corresponds to the exposed surface values per side. The values for
the carry-over on the body are equal to the total surface values minus the
values at the body side. The symbol S is used for the total surface values,
S(B) is used for the exposed surface values, and B(S) is used for the carry-
over values. The values of unit loads and moments are as follows.

® For 1lift due to angle-of-attack:

USZAS = 1.0 = Unit airload on total surface per side. Equal to
USZA from equation 18 or 26 for n = 0.

USZA(SOB) = Unit airload on exposed surface per side. Equal to
USZA from equation 18 or 26 for n = g1
USZAB(S) = Unit carry-over airload on body per side
=1 - (USZA(SOB)) (42)
IMXAS = Unit airload bending moment at n = 0. Equal to

UMXA from equation 32 for n = 0.

UMXAS(B) = Unit airload bending moment at n
UMXA from equation 32 for n = ngpg.

ngy- Equal to

UMYAS = Unit airload torsional mament per side at n = 0.
Equal to UMYA from equation 34 at n = 0.

UMYAS(B) = Unit airload torsional moment at n = npgy. Equal
to UMYA from equation 34 at 0 = sipg.
UMXA(SOB) = Exposed panel unit rolling moment at the side of
the body.
= (UMXAS(B)) cos Ap + (UMYAS(B)) sin AR' (43)
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UMYA(SOB) = Exposed panel unit pitching moment (per side) at
the intersection of the load reference line and
the side of the body station Yg1-

= (IMYAS(B)) cos Ap - (UMKAS(B)) sinAp (44)
® For lift due to wing flap deflection:

USZFS = 1.0 = Unit airload on total surface per side. Equal to
USZF from equation 31 for n = 0.

USZF(SOB) = Unit airload on exposed surface per side. Equal
to USZF from equation 31 for n = MBI

USZFB(S) = Unit carry-over airload on body per side.
= 1 - (USZF(SOB)) (45)

UMXFS = Unit airload bending moment at n = 0. Equal to
UIMXF from equation 33 for n = 0.

UMXFS(B) = Unit airload bending moment at n = npy- Equal to
UMXF from equation 33 for n = By

UMYFS = Unit airload torsional moment at n= 0. Equal to
UMYF from equation 41 for n= 0.

UMYFS(B) = Unit airload torsional moment at n = ngy. Equal to
UMYF from equation 41 for n = ST

UMXF (SOB) = Exposed panel unit rolling moment at side of the
body

= (UMXFS(B)) cos Ap + (UMYFS(B)) sin Ap (46) .
UMYF(SOB) = Exposed panel unit pitching moment (per side) at
the intersection of the load reference line and
the side of the body station, Yg;.
= (UMYFS(B)) cos Ag - (UMXFS(B)) sin Ap 47

{
|
{
NOTE For the horizontal tail, only the lift due to angle-of-attack

data is computed. i
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{3
GROSS SURFACE CENTERS OF PRESSURE \‘

The surface unit airload centers of pressure are Y and AX, where Y is the
normmal distance outboard of the plane of symmetry and AX is the distance aft
of the surface apex. Subscripts S, S(B), and B(S) denote total surface,
exposed surface, and surface carry-over, respectively. Subscripts A and F
denote angle-of-attack and flap effects, respectively.

® For lift due to angle of attack:

YAS = (UMXAS) cos Ap + (UMYAS) sinAp (48)

e @ - Ypr* (UMKA(SOB))/(USZA(SOB)) (49)
a%,. = G (é)R ; [r_lMYAS) cos Ay - (UMMAS) sinAR] (50)
a%m = G (%)R + Y., tanAy - (UMYA(SOB))/ (USZA(SOB)) (s1)

AYAB(S) = [AYAS -AYM(B) (USZA(SOB))] =+ [1 - (USZA(SOB))] {52)

® For 1lift due to wing flap deflection:

Y.. = (UMXFS) cos Ap + (UMYFS) sin A

(
FS (53)

R
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Yespy = Ypr ¢ (UMKF(SOB))/ (USZF(SOB)) (54)
X ) si
axg = (E)R - [comes) cosag - o) sinig (55)
= X
¥y - G (E)R + Y tanAp - (UMYF(SOB))/ (USZF(SOB)) (56)

AR'FB(S) [AiFS -AKFS(B) (USZF(SOB))] <+ [1 - (USZF(SOB))] (57)

NOTE For the horizontal tail, only the 1lift due to angle-of-attack
centers of pressure are computed.

VERTICAL_TAIL UNIT AIRLOAD DISTRIBUTIONS

Vertical tail unit airload distributions are determined for two basic
types of surfaces:

1. The conventional (non-T-type) surface

2. The T-type vertical tail surface

CONVENTIONAL (NON-T-TYPE) VERTICAL TAIL UINIT AIRLOADS

The method used to determine the unit airload data is the same as that
used for the 1lift due to angle of attack for the wing or horizontal tail,
except an effective aspect ratio is used and the surface is considered in
the X-Z plane.

The ‘effective aspect ratio for the surface is considered to be twice the
geometric aspect ratio (this arbitrarily assumes that the horizontal tail or
body serves as a reflection plane), i.e.:

b= a2 (o) | (s
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The unit airload shear at the selected n stations and the surface 1lift
curve slope are determined using equations 15 through 19 for the subsonic
case and equations 20 through 26 for the supersonic case, with Ag used in
place of A. The unit shear at the selected nstations is then,

A CiC
USYV, = ((ﬁ:_) dn (59)
n LAV

The unit airload bending moment is determined at the selected stations
as follows:

1
b
\'s
XV, = — ™ /ﬂ (USYV) dn (60)

The unit airload torsional moment is determined :it the selected stations
as follows:

1 cic
WMZVy = - [‘ (ﬁ—) ax, dn (61)

LAV

where AX 1is determined using equations 34 through 39 and the previously
determined (ClC/CLCAV) from equations 17 or 17a for subsonic speed and equa-
tions 24 or 25 for supersonic speeds.

T-TYPE VERTICAL TAIL UNIT AIRLOADS

The methods used to determine the unit airload data for the T-type verti-
cal tail is the same as that used for the conventional vertical tail, except
that the spanwise loading parameter is arbitrarily adjusted to account for
the end-plate effect of the horizontal tail. This is accomplished by assum-
ing that the vertical tail tip stationny = 1.0 is at 0.707 of span for the
precalculated span load data in Tables 1 and 4.

46
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GROSS SURFACE UNIT AIRLOADS AND CENTERS OF PRESSURE

The value of the unit shears and moments at the surface's theoretical root
station, n = 0, corresponds to the total surface unit values. The values at

the body mold-line station, N = npI, correspond to the exposed surface total
unit values. The symbol VT is used for the total surface values, and V(B) is
used for the exposed surface values. The value of unit loads are as follows:

USYVT = 1.0 = Unit airload on total surface. Equal to the value of
USYV from equation 59 at n = 0.

Unit airload on exposed surface. Equal to the value
of USYV from equation 59 at n = nBI-

USYV (SOB)

UMXVT = Unit airload bending moment at n = 0. Equal to the
value of IMXV from equation 60 at n = 0.

Unit airload bending moment at body mold line.
Equal to the value of UMXV from equation 60 at
N=1__,

BI
UMZVT = Unit airload torsional moment at n = 0. Equal to
the value of UMZV from equation 61 at n = 0,

UMXV (B)

UMZV(B) = Unit airload torsional moment at the body mold line.
Equal to the value of UMZV from equation 61 at

n-= "BI‘
UMXV(SOB) = Exposed panel unit rolling moment at the body mold
line station Zpj.
= UMXV(B) * cos AR + IMZV(B) ° sin AR (62)
UMZV (SOB) = Exposed panel unit yawing moment at the intersection

of the load reference line and the body mold line
station, g1

= UMZV(B) * cos AR - UMXV(B) * sinA (63)

R

The center of pressure of the vertical tail unit airload on the total
surface is located at:

ZVT = UMXVT ° cos AR + UMZVT - sinAR (64)

Aivr = CR (%)R - [UMZVT * cos AR - UMXVT ° sin AR] (65)
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where Zyr is the distance above the vertical tail theoretical root chord, and
AX,r is the distance aft of the theoretical apex.

DETERMINATION OF LIMIT ATRLOADS ON COMPONENTS

The gross limit airloads on the airplane components and airplane inertia
factors are determined for the following specific types of flight conditions:

1. Balanced maneuver at positive limit load factor
2. Balanced maneuver at negative limit load factor
3. Positive 50 fps vertical gust at I\h

4. Negative 50 fps vertical gust at MH

5. Lateral 50 fps gust at MH

6. Pitching acceleration at 0.5 maximum positive limit load factor

at M,

7. Arbitrary yawing acceleration at M,

8. Flaps-down balanced maneuver at maximum limit positive flaps-down
load factor at Vp

9. Flaps-down 1.0 g trim for landing approach at 1.2 VSL
The design limit load factors, pitching and yawing accelerations, gross

weights, center-of-gravity positions, speed-altitude combinations, and
geametric data are considered as input data. (Refer to Table 23.)

BALANCED MANEUVER CONDITION

The balanced maneuver condition is a flight condition in which the
aircraft is trimmed (balanced) at a specific load factor. The following
procedures are used to determine the limit airloads on the wing, body, and
empennage. The incremental airloads due to wing flap extension are deter-
mined only for the subsonic flaps-down conditions.

The wing 1ift is composed of the lift due to angle of attack and the
incremental 1lift due to wing flap deflection, i.e.:

Cow = Cowa* 8CE (66)
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The wing lift is initially estimated to be

N W
oy = 1-1 (—q Sw) 67)

where n, is the limit load factor specified for the condition,

The incremental wing 1ift due to wing flap deflection is initially
estimated to be:

6F
Airo * (57.3 ) Ker XBF Craw (68)
where
oF - flap deflection in degrees
KCF = (dCI/d6F)/(dCL/da0 and is obtained by interpolation the

r versus Cp/C data bank data of Figure 6 which is
obtained from Figure 21 of reference 10.

KBF is obtained from equation 29,

CLaW is obtained from equation 19 or 23.

The initially estimated wing lift due to angle of attack is then

Cwao = “wwo ~4Cro (69)

and angle of attack is estimateu to be:

(70)

% = Crwao’CLew

The initially estimated airplane component limit loads for a trimmed
condition are then determined as follows.
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" g

sz = body nose load

% znnﬁ q/144 1)

0.043633 @, p’i q (72)

where Ry = maximum nose radius (in.). Equation 71 is the same as equation 3
of reference 11.

The exposed wing limit airloads due to angle of attack and due to flap
deflection are:

Pruyao = (USZA(SOB)) Cpyng 4 Sy (73)
Prumpo = (USTF(SOB)) 8C; o ', (74)

The wing carry-over limit airloads on the body are:
Praonao = (USZABMW)) Cpyong @ Sy (75)
(USZFB(W)) AC, ) q Sy (76)

P2 By o

7
where USZAB(W) and USZFB(W) are obtained from equations 42 and 45.

The balancing horizontal tail (or canard) limit airload is then,

Pao = [ = X Pono * Keg ™ Xumya) Pawsyao

* e - Xy Pawmyro * %o - Xsana’ Pzwyao

* (eg - BanPPzanrol * Dy - Xeg! 77
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where

X‘N = XO + 'N - (78)
n
"N |
:
_ _ 1
Sma = Ne A Xuma (79)
Smr T Se 4 Xwr (80) :
_ _ i
kB(MA ) )‘\\T: * XB(W)A (81)
Bwr = S T arF (82)
X = XN ek, (83)
XO = Fuselage station at body nose, in.
l\g = Nose length, in.
V\‘ = Nose volume, cu in.
X\\T- = Fuselage station of wing apex, in.
XHF = Fuselage station of horizontal tail apex, in.

AX‘W(B)A’ AXW(B)F’ AXB(W)A’ AXB(W)F and AXH are from equations 51, 56, 52, 57,

and 50, respectively.

The temm,

is the distance aft of the body nose to the center of pressure of the body
nose load and is the same as equation 33 of reference 11.
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The total airplane normal airload for the initially estimated condition
is equal to the sum cf the component loads l

Pao " P20 = Pavo* Pzwm)a * Pzwer

*Posana * Pzswyr * Pao (84)

The final component airloads for the balanced maneuver condition are
then equal to the initially estimated airloads multiplied by the ratio of the
required airload, N;W, to the estimated total airload, P7a0-

Let
K, = y— (85) |
ZA0
then
Pawea = %2 " Paweyno (86)
Pwer = %2 * Pyro (87)
Piswy = Xz Pzgawyno * Pza(wyro’ (88)
Py = K ° Py (89)
Pov = K Poyo (90)
Pawe)- = Pawe)a * Pzwee)r (1)
X - ( %@ Povea * Svmr P ) -
®) P2w(B)
X (XB(W)A " Preaa t BBuwr PZB(W)F) 5
)] PZB(W)
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Y‘ - P + 7 P
7 i} ( B(W)A “IW(B)A  W(B)F "ZW(B) F) (94)
W(B) Pow(p)

YW(B) A and YW(B)F are obtained from equations 49 and 54

YH = YHA (95)
where YHA is from equation 48

Q =0

R = 0

NY = 0

NOTE For conditions where the wing flaps are not extended, &p = 0, the lift
due to wing flap deflection is zero. Therefore, the flap deflection
effects in equations 66, 68, 69, 74, 75, 76, 84, 87, 88, 91, 92, 93,
and 94 are all zero.

PITGHING ACCELERATION CONDITION

The pitching acceleration condition is an arbitrary condition where a
specified value of pitching acceleration is caused by an incremental hori-
zontal tail load and is superimposed on a balanced maneuver condition such
that the resulting normal load factor is one-half the design limit positive
maneuver load factor.

The incremental horizontal tail load required to produce the specified
pitching acceleration, Q, is:

QI
ap,. = - 12 |— (96)
o X, - X
% %
where
IY = Airplane pitching moment of inertia, slug ft2

XH is determined by equation 83
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The initially estimated component loads for the balanced maneuver part
are determined in a manner similar to equations 67 through 84 except that

the wing flap deflection effects are zero.

M

LWO

0
Pno

Paw(s)0

P2 (w0

where XN’ XW(B)A’ XB(W)A and XH are determined using equation 78, 79, 81, and

83, respectively.

Pro =

[P

Cowo’ Lo

2
0.043633 o RN q

(USZA(SOB)) Cp0 @ S,

(USZAB(W)) Cp . 4 Sy

[(XCG "X Pavo * (g - @A Pwee)o

* (Xeg ~ Xgna) sz(W)o] + Xy - Xeg!

o * Pzwesyo * Pzswo * Paio]
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The final component airloads for the pitching acceleration condition
are determined as follows:

Let
K, = ;z—g (106)
then,
Py = Xz Paweeyo (107)
Py = Xz " Pzano (108)
Py = K+ Py +aP, (109)
Py = K+ Ppo (110)
Y = Kuma (111)
iB(W) ) YB(W)A (112)
Y = Ywee)a (113}
YH = ?H.A (114)
N, = 0
k= 0

VERTICAL GUST CONDITION

The vertical gust condition consists of a #50 fps vertical gust encoun-
ter superimposed on a 1.0 g trim condition.
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The incremental component airload due to a vertical gust of 50 fps is
determined as follows:

v, = s @)’ Keas (115)

the airplane mass ratio is,

2 (WS

b= — (116)
P8 Cav CLow
Wb
. ‘2“ (117)

1o Y [ r

Tt PO MLaw i
and the alleviation factor is,

when M < 1.0:

. 0.88u
Kg = T3+w L) |
i
when M > 1.0:
“1.03 : ;
Ky = —m—————— 119
8
6.95 + u1'03

the incremental angle of attack due to gust is assumed to act on the aircraft
and is,

Aag

- 120
um;./vlz 50/(1.68894 V,.) (120)

29.604367/VE (121)
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The body nose incremental airload is determined using equation 72 and is

2
APZN = 0,043633 Aag RN q

= 0.0043788 lgi A

2
B Ve
228.37535

The exposed wing incremental airload is
APZW(B) = Aag Kg (CLaW) (USZA(SOB)) q Sw

= 0.100354 Kg (CLOW) (USZA(SOB) SW

The wing carry-over incremental airload on the body is

AP p(w)

The incremental airload on the horizontal tail is

aP,, = 0.100354 Kg (C ) Sy

The incremental airplane load factor is,

an, = (AP

7 N * Pwe)

0.100354 Kg (Claw) (1 - USZA(SOB)) S

+ APZB(W)
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(125)

(126)
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The airplane pitching acceleration is
Q = [Xgg - ) 8Py + Ko = Xypya) APznce)

* Neg " ana) ey Keg - X APyl +12 Ly (130)

where X values are from equations 78, 79, 81, and 83.

The component airloads for the 1.0 g trim condition are determined using
equations 66 through 95, where N- = 1.0 and the flap effects are zero.

Component airloads for the gust conditions are then equal to the airloads
for the 1.0 g trim condition plus or minus the incremental gust airload,
1.€.3

o & p:(.\':=1.0):Ap:(GUST) (131)
tor positive vertical gust use + AP: and + AN:
for negative vertical gust use - AP: and -AN:
P 7 Poxovero) *4Py (132)
Py © Paveyve1.0) * Pz 28
P T Peonovet.0) *Pzaow (134)
Py = Payel.o) *8P (155
N. = 1.0 AN (136)
Ny * 0
R = 0
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LATERAL GUST CONDITION

The lateral gust condition consists of a 50 fps lateral gust encounter
superimposed on a 1.0 g trim condition.

The lateral gust encounter is assumed to produce a side load on the body
nose and on the gross vertical tail area. These loads are determined as fol-
lows. The sideslip angle due to lateral gust, fg, is assumed to act on the
aircraft is determined using equation 121

Bg = 29.604367/VE (137)

The side load on the nose is determined using equation 123 as follows:

2
pYN = 0.0043788 RN VE (138)

The side load on the vertical tail is detemmined using equation 128 with
Kg = 1.0, i.e.:

Por 0.100354(c’{‘w)sv Ve (139)

where Cy v is determined using equation 19 for subsonic speeds and equation 23
for supersonic speeds.

The center of pressure of the vertical tail side load is as follows:

ZVT is obtained from equation 64.

X"T - xVE #Afw where AYVI‘ is from equation 65.

The airplane yawing acceleration, R, is determined as follows:

R = [(Xy - YN) Pl (X & ‘)EVT) Poyr] * 12 1, (140)
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The nommal loads on wing, body and horizontal tail, Pzw(B)» PZB(W)> PN
and P74 and their centers of pressure are determined using equations 66
through 95 where

N, = 1.0and 6. = O

7 F
and
N, = (pYN+Pm)/w (141)
Q = 0

YAWING ACCELERATION CONDITION

The yawing acceleration condition is an arbitrary condition where a
specified value of yawing acceleration is caused by a vertical tail load and
is superimposed on a 1.0 g trim condition.

The vertical tail load required to produce the specified yawing acceler-
ation, R, is

P = -12 § —— (142)

where .

IZ = airplane yawing moment of inertia, slug ft2

A

The nommal loads on the wing,‘body, and horizontal tail and their
centers of pressure are determined using equations 66 through 95 where
Nz = 1.0 and 6 = 0 and

[]

XVE # AYVT where AKVT is from equation 65

NY = PWT/W (143)

Q = 0
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DETERMINATION OF LIFTING SURFACE LIMIT AIRLOAD SHEARS AND MOMENTS

The following methods are employed in the determination of limit airload
shears and moments along the span of the lifting surfaces for the specific
flight conditians.

The surface unit shears and moments have been determmined such that the
total panel load (including carry-over load on the body) is equal to unity.
Therefore, the unit shears can be multiplied by the total limit panel airload
to obtain the limit airload shears and moments as shown in equations 6
through 11.

WING LIMIT AIRLOAD SHEARS AND MOMENTS

The total panel limit airload due to angle of attack is

Paa = Coyya * Pawya) *2 (144)
and the total panel airload due to flap deflection is
Pir = CPovyr * PP * 2 (145)
Then at the selection span stations for weight analysis
Yo = n (bw/2)/cos Ap = Y/cos Ap (146) -
Sz = pZA (USZA) + pZF (USZF) (147)
Mo = Py (UMXA) + Pop (UMXF) (148)
M, = Py (UMYA) + P (UMYF) (149)
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The shear and moments at the side of the body station YBI are

S2(s0B) P,, (USZA(SOB)) + P, (USZF(SOB)) (150)
My (soB) P,, (IMXA(SOB)) + P, (UMXF(SOB)) (151)
My (soB) P,, (UMYA(SOB)) + P, (UMYF{SOB)) (152)

HORIZONTAL TAIL (OR CANARD) LIMIT ATRLOAD SHEARS AND MOMENTS

The total panel airload is,

PZ = 1.15 (PZH/Z) (153)

then, at the selected stations for weight analysis,

YA = n(b/2)/cos Ay = Y/cosAg (154) !

s, = P, (USZA) (155) ;

M, = P, (UMXA) (156) !

|

M, = P, (UMA) (157) '
Sycsop) = Py (USZA(SUB)) (158)
Mysomy = Py (UMKA(SOR) (159)
Mycsopy = Py (UMYA(SOR) (160)
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VERTICAL TAIL LIMIT ATRLOAD SHEARS AND MOMENTS

Conventional Vertical Tail

The conventional vertical tail is a vertical tail where the horizontal
tail is mounted at or below the exposed vertical root and can he single or
dual surfaces.

The total panel airload is

PY = Kv pYVI' (161)
where
Kv = 1.0 for a single vertical tail configuration
and
KV = 0.55 for a dual vertical t}a%l.configuration. (This assumes
a 55 to 45 percent load division between the left- and

right-hand surfaces.)

Then at selected stations for weight analysis,

Zy = n (by)/cos Ay = Z/cos Ap (162)
Sy = Py (USYV) (163)
My = Py (BMXV) (164)
M, = Py (UMZV) (165)
My(sopy = Py (UMXV(SOB)) (166)
Mysopy = Py (UMZV(SOB)) (167)
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T-Type Vertical Tail

With this type of a’vertical tail, an incremental rolling moment from
the horizontal tail is introduced at vertical station of the vertical tail/
horizontal tail interface in a direction which will add to the vertical tail
bending moment. The rolling moment is obtained in accordance with para-
graph 3.17 of reference 12 and is equal to 30 percent of the horizontal tail
panel (one side) rolling moment, i.e.:

p
ZH -—
aM, = |0.3T Y, (168)

where MX(SOB) is obtained from equation 159.

The incremental bending moment and torsion along the vertical tail load '
reference line introduced by this incremental rolling moment are then

AMXA = AMXH cos AR (169)
AMZA = AMXH sin AR (170)

Let Zyy be the vertical distance from the vertical tail root to the
horizontal tail root and

"W T ZVH/bV (171)
Then at the stations selected for weight analysis

Ip = (bv)/cos AR (172)

and when n > "WH
P, = P (173)

SY = PY (UsYv) (174)
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MXA = P (UMXV) (175)
MZ AT PY (wzv) (176)

and when n > "W

BoRERP (177)
Sy = Py (USYV) (178)
M, = Py (WXV) +aM, (179)
M, A D Py uev) +aM, (180)
MX(SOB) : (UMXV(SOB)) +AaM, (181)
Mz(son) Py (UMZV(SOB)) (182)

DETERMINATION OF LIFTING SURFACE DESIGN LOADS

The wing and empennage weight estimating module is structured to combine
airloads with inertia effects to obtain net surface loads. However, the
module is limited to the evaluation of airloads at one specific design tem-
perature, one surface dead weight distribution, and one positive and one neg-
ative load factor condition. This approach is not consistent with the
capabilities of the airloads module which investigates conditions for which
the foregoing design parameters may have multiple values along the structural
span. Furthermore, since inertia forces do not always act in opposition to
the lifting forces, errors may be introduced in the net loads calculations.
Consistency between the airloads module and the weight estimating module is
maintained by deriving nommalizing factors defining the loads envelope to a
given reference base.

Subroutine MAXLDS examines airloads from each of the load conditions to
determine the net design positive and negative shear and bending moment con-
ditions. Subroutine WHWNET calculates the normalizing factors and organizes
the data for storage in the program file records. Normalizing factors are
formulated by using the following reference base.
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1. Reference temperature (To) - structure terperature at the condition
which results in design net positive bending moment at the root
weight analysis station

2. Reference positive load factor (POSNZ) - maximum positive vehicle
maneuver load factor

3. Reference negative load factor (XNEGNZ) - maximum negative vehicle
maneuver load factor

4. Reference vehicle weight (DGW) - vehicle weight and associated mass
distribution at the basic flight design weight (BFDW) with wings in
the forward position on variable sweep wing air vehicles.

Material allowables vary with structure temperature such that maximum
net loads are not necessarily the design loads. The ratio of material com-
pression yield strength at room temperature (Fcygp) to compression yield
strength (Fcy) at the design condition is applied to the calculated loads.
Loads scaled in this manner are then on a common base which provides a
rational means for determining the design loads envelope. Furthemmore, in
order to ninimize inaccuracies due to nommalizing loads for temperature
effects, the reference temperature selection is predicated on the condition
which results in design net positive bending moment at the root weight analy-
sis station. This selection minimizes the effect of the temperature normal-
izing scalar (RS) on the net design bending moment which is the most
significant strength sizing (weight) parameter on lifting surfaces.

NET LOADS

Surface net loads are calculated for each of the structural components
at each of the load conditions. These calculations differ slightly for each
of the lifting surfaces.

Wing Net Loads

Wing and content distributed weight effects are provided to this module
through the mass storage files. These effects are in terms of inertia shear
and bending moment per unit positive load factor. Net shear and bending
moment at the selected span stations for weight analysis are calculated by
combining the airload and inertia effects in equations 183 and 184.

S NZ [US

SZ (NET) = S, (183)

200 ¥ U0
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T T BT . P b b

MagEn T Mea T Nz [Pcage * Py (184)

where

SZ = shear due to airload

N. = vehicle vertical load factor
L

us, W - shear per unit load factor due to wing weight

us. © - shear per unit load factor due to wing contents

M‘ A = swept bending moment due to airload

UM‘ AK) = swept bending moment per unit load factor due to
’ wing weight

UM‘ AC) = swept bending moment per wunit load factor due to
) wing contents

Since structure temperature is a variable, the material compression strength
ratio is applied to the calculated net loads to obtain a common base for the
selection of design loads.

F
Y80
S _€Y80 (185)
0D | oy
F
Y80
\ U
Waorn | F (186)

Y

Conditions which produce maximum net positive and negative shear and bending
moment are made from comparative tests of equations 185 and 186. The shear
and moment equations can then be normalized to a common reference temperature.

S = g I:CY8O I:CYR = 5 RS
c Z(NET) FCY FCYSO Z(NET) S

(187)
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CY80 ( CYR )
! = —— =] = (188)
"a " Maeen) ( Foy ) Fyo Yeagvery Fou |
where
FCYR = material compression yield stress at the reference
temperature

In order to provide the loads data in a form acceptable to the weight esti-
mating module, additional factors are detemmined to account for load factor
and content inertia effect variations. The normaiized shear and bending
moment take the form shown in equations 189 and 190.

+ RCS us (189)

! = -
sy {sz RNZ N, (US

7.(W) Z(CR)’ } RSg

Ma = {MXA' RNZy Nzp (Myagwy * Ry ‘Mx,\(CR))} RSy (190)

where

NZR = POSNZ when Sé is positive in equation 189

= XNEQNZ when Sé is negative in equation 189
RNZS = NZ/NZR’ load factor ratio at design shear

USZ (CR) = shear per unit load factor due to wing contents
at the reference vehicle weight

RCS = USZ (C)/USZ (CR)’ content ratio at design shear
RSS = FCYR/FCY’ strength ratio at design shear ;

N = POSNZ when M)'(A is positive in equation 190
= XNEGNZ when M)'( A is negative in equation 190

RNZM = NZ/NZR’ load factor ratio at design bending
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mXA(CR) = swept bending moment per unit load factor due to wing
contents at the reference vehicle weight

RC‘M = UMXA(C)/"MXA(CR)’ content ratio at design bending

By = Foyr/Foy

strength ratio at design bending

The foregoing approach accounts for the evaluation of all flight condi-
tions. Net wing shear and bending moment for the taxi condition is also
examined to determine whether taxi design loads are critical. Should taxi be
critical, the net shear and moment are substituted as hypothetical airloads
with the corresponding load factor ratios (RNZg and RNZy) set to 0.0.

Horizontal Tail Net Loads

Horizontal tail net design loads are calculated from equations 183 and
184. Since the tail is offset from the vehicle center of gravity, the local
acceleration is used in the net loads equations. The local vertical accelera-
tion at the tail is calculated by equation 191.

Q Gy - %)

Nor = N, 12 g (191)
where
NZ = vehicle vertical load factor
Q = pitching acceleration, radians/sec2

CG of the horizontal tail and contents which is estimated
by adding two-thirds of the root chord to the apex station
of the horizontal tail, in.

>
a
=+
-3
]

>

o

(o]
]

vehicle CG, in.
g = acceleration of gravity, ft:/sec2

Horizontal tail contents do not vary with the different design conditions
and, therefore, the content ratios RCg and RCy are always equal to 1.0.

Horizontal tail airloads are reversed when the net negative bending
moment at the root weight analysis station is greater than the net positive
bending moment. (The weight estimating module assumes that the positive
loads are larger than the negative loads.) When the loads arc reversed, an
indicator is placed in XMISC(42). When this indicator is not 0, the refer-
ence positive and negative load factors are reversed in the weight estimating
module calculations.
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Vertical Tail Net Loads

Inertia and airloads that affect the vertical tail act in the lateral
direction. The local acceleration at the tail is calculated by equation 192.

R (XCG,. - X..)
Gt ™ *co o

Nvr = Ny - 12 g

where

NY = vehicle lateral load factor

R = yawing acceleration, radians/sec’

XCGVT = (G of the vertical tail and contents which is estimated
by adding two-thirds of the root chord to the apex
station of the vertical tail, in.

XCG = vehicle CG, in.

The net design shear and moment calculations take the form shown in
equations 193 and 194 which are similar to the wing net load equations

sy = { Sy - RiZg Npp (US, . + RCg usy(c))} RS, (193)

My ™ {MXA - RNy Nop (Mo * Ry UMXA(C))} RSy (123

where

NZR = POSNZ for all conditions

RNZS = NYVT/NZR’ load factor ratio at design shear

load factor ratio at design bending

WZM=N /N

YVT' ZR’

Vertical tail contents RCg.and RCy are always equal to 1.0 since
contents do not vary with the different design conditions.
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DETERMINATION OF WING BENDING MOMENT SPECTRA

A simplified approach is used to estimate the wing bending moment spectra
at two stations on the wing. It is assumed that the total wing airload per
side (including the carry-over load on the body) is equal to one-half the
product of the load factor, n, times the airplane weight, W. Then, for a
given flight segment where the mach mumber, altitude, and weight are constant,
the wing load and the bending moment are proportional to the load factor. A
gust and a maneuver bending moment spectrum are developed for each flight
segment based on the gust and the maneuver load factor spectra.

BLOCKED USAGE FLIGHT SEQMENTS

The blocked usage segments represent the operational flight usage of the
aircraft for the specified service life. Each segment represents time spent
under a type of operation at a fixed mach number, altitude, wing sweep posi-
tion, and airplane weight. Eight flight segments for each class of airplane
have been selected to represent the service life usage.

Typical blocked usage segments have been estimated for the fighter,
attack, bomber-BI, bomber-BII, cargo-assault, and cargo-transport airplane
classes. These data are presented in Tables S5 through 10, and are contained
in the SWEEP computer program data bank. It should be noted that these
blocked usage segments are strictly an estimate, and it is suggested that the
user replace these data if more realistic data are available for a specific
airplane. In Tables 5 through 10, W_ is the average takeoff weight and Ty is

the specified service life in flightohours.

TABLE 5. TYPICAL BLOCKED USAGE SEGMENTS FOR FIGHTER CLASS
Blocked Avg Avg Wing Weight Life
Usage Mach Altitude Sweep Fraction Fraction
Segment No. (ft) Position W/W, T/Ty
Ascent 0.70 15,000 Fixed 1.00 0.07
Cruise 0.70 20,000 Fixed 0.95 0.15
Cruise 2,00 40,000 Fixed 0.80 0.10
Cruise 0.90 25,000 Fixed 0.80 0.20
Cruise 0.85 0 Fixed 0.80 0.15
Air-ground 0.80 0 Fixed 0.80 0.10
Air-Air 0.80 10,000 Fixed 0.75 0.05
Loiter/
Descent 0.60 10,000 Fixed 0.70 0.18
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TABLE 6. TYPICAL BLOCKED USAGE SEGMENTS FOR ATTACK CLASS
Blocked Avg Avg Wing Weight Life
Usage Mach Altitude Sweep Fraction Fraction
Segment No. (ft) Position W/W, T/Ty,
Ascent 0.70 15,000 Fixed 1.00 0.08
Cruise 0.70 10,000 Fixed 0.95 0.25
Cruise 0.85 40,000 Fixed 0.80 0.20
Cruise 0.80 0 Fixed 0.80 0.12
Air-air 0.95 10,000 Fixed 0.75 0.05
Air-Ground 0.80 0 Fixed 0.80 0:12
Descent 0.60 15,000 Fixed 0.70 0.08
Loiter 0.60 10,000 Fixed 0.70 0.10
TABLE 7. TYPICAL BLOCKED USAGE SEGMENTS FOR BI CLASS
Blocked Avg Avg Wing Weight Life
Usage Mach Altitude Sweep Fraction Fraction
Segment No. (ft) Position W/w0 T/TL
Ascent 0.70 15,000 Fixed 1.00 0.08
Cruise 0.70 10,000 Fixed 0.95 0.20
Cruise 0.85 40,000 Fixed 0.80 0.25
Cruise 0.70 0 Fixed 0.80 0.12
Cruise 0.75 5,000 Fixed 0.75 0.05
Cruise 0.60 0 Fixed 0.80 0.12
Descent 0.60 15,000 Fixed 0.70 0.08
Loiter 0.60 10,000 Fixed 0.70 0.10
TABLE 8. TYPICAL BLOCKED USAGE SEGMENTS FOR BII CLASS
Blocked Avg Avg Wing Weight Life
Usage Mach Altitude Sweep Fraction Fraction
Segment No. (ft) Position W/W, T/TL
Ascent 0.355 0 Fixed 1.0 0.104
Cruise 0.70 30,000 Fixed 0.8611 0.0654
Cruise 0.70 30,000 Fixed 0.8611 0.6199
Refuel 0.70 25,000 Fixed 1.0833 0.0407
Cruise 2.20 50,000 Fixed 0.6944 0.0269
Penetrate 0.85 0 Fixed 0.8611 0.1081
Penetrate 0.95 0 Fixed 0.6944 0.0232
Penetrate 0.55 0 Fixed 0.75 0.0118
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TABLE 9. TYPICAL BLOCKED USAGE SEGMENTS FOR CARGD ASSAULT CLASS

Blocked Avg Avg Wing Weight Life

Usage Mach Altitude Sweep Fraction Fraction
Segment No. (ft) Position WVWB T/TL
Ascent/

Descent 0.60 20,000 Fixed 0.94 0.2185
Ascent 0.60 20,000 Fixed 1.10 0.0044
Ascent/

Descent 0.40 5,000 Fixed 0.94 0.0332
Cruise 0.75 40,000 Fixed 0.94 0.3341
Cruise 0.75 40,000 Fixed 1.06 0.0255
Cruise 0.65 20,000 Fixed 0.94 0.0354
Cruise 0.47 10,000 Fixed 0.91 0.0135
Cruise 0.456 1,000 Fixed 0.91 0.3354
TABLE 10. TYPICAL BLOCKED USAGE SEGMENTS FOR CARGO TRANSPORT CLASS
Blocked Avg Avg Wing Weight Life
Usage Mach Altitude Sweep Fraction Fraction
Segment No. (ft) Position WVWB T/TL
Ascent 0.50 20,000 Fixed 1.00 0.05
Ascent/
Descent 0.50 10,000 Fixed 0.70 0.05
Cruise 0.80 30,000 Fixed 0.80 0.25
Cruise 0.85 40,000 Fixed 0.75 0.30
Cruise 0.75 25,000 Fixed 0.80 0.15
Cruise 0.70 15,000 Fixed 0.70 0.10
Cruise 0.65 10,000 Fixed 0.70 0.05
Cruise 0.55 1,000 Fixed 0.70 0.05

MANEUVER LOAD FACTOR SPECTRA

Maneuver load factor spectra for each airplane class are presented in
Tables 11 through 15. The number of exceedances of given load factor levels
per 1,000 flight hours are shown for each type usage segment. These data are
based on the load factor spectra of references 13 or 14.

The spectra for the fighter and attack classes (Table 11) correspond to
Table 111 of reference 13, except that the ascent cruise, descent, and loiter
spectra have been consolidated into one representative spectrum and a repre-
sentative supersonic air-to-air combat spectrum has been added.
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TABLE 11. MANEUVER LOAD FACTOR SPECTRA FOR FIGHTER OR ATTACK CLASSES
Exceedances per 1,000 Hours by Mission Segment
Ascent
Cruise,

Load Loiter, Air-to- Subsonic Supersonic
Factor or Ground Air-to-Air Air-to-Air
(n,) Descent Combat Combat Combat

10.0 0 0 15 0
9.0 0 1 60 0

| 8.0 0 15 230 16
7.0 0.04 200 900 90
6.0 1.0 1,500 3,400 500
5.0 25 10,000 13,000 2,900
4.0 400 40,000 50,000 17,000
3.0 3,500 100,000 150,000 90,000
2.0 15,000 175,000 300,000 250,000
1.5 24,000 210,000 390,000 320,000
0.5 0.0 10,000 44,000 16,000
0.0 0.0 350 4,000 2,000
-1.0 0.0 7 350 45
-2.0 0.0 | 8 0.1
-3.0 0.0 0 0.1 0
-4.0 0.0 0 0 0

The spectrum for the bomber-BI class (Table 12) is based on the B spec-
trum of Table II of reference 14 which is believed to be representative of a
consolidation of the spectra of Table V of reference 13. The load factor
levels are also changed to increments of 0.5 g.

The spectra for the bomber-BII class (Table 13) correspond to the spec-
tra of Table VI of reference 13, except that the ascent, descent, and refuel-
ing spectra have been consolidated into one spectrum and a representative
low-altitude penetration spectrum has been added. The load factor levels are
also changed to increments of 0.3 g.

The spectra for the cargo-assault class (Table 14) correspond to the
spectra of Table VIII of reference 13, except the ascent and descent spectra
are consolidated into one spectrum and the load factor levels are changed to
increments of 0.3 g.
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TABLE 12. MANEUVER LOAD FACTOR SPECTRUIM FOR BI CLASS, ALL SEGMENTS

Load
Factor Exceedances
(nz) per 1,000 Hours
6.0 0
5.5 0.5
5.0 3
4.5 18
4.0 70
3.5 250
3.0 800
2.5 2,500
2.0 9,200
1.5 31,000
0.5 1,000
0.0 350
-0.5 1
-1.0 0

The spectra for the cargo-transport class (Table 15) correspond to the
spectra of Table VII of reference 13, except that the ascent, descent, and
refueling spectra have been consolidated into one spectrum. The resulting
spectra were obtained with a weighting of 80 percent logistics and 20 percent
training, and the load factor levels are also changed to increments of 0.3 g.

The maneuver load factor spectrum for a given blocked usage segment is
based on the time spent in the segment and number of load factor exceedances
per 1,000 hours.

Let,
NEXM = number of exceedances of a specific maneuver load factor
for the blocked usage segment
NEX = number of exceedances of a specific maneuver load factor

per 1,000 hours for the type of segment

TSEG = total hours spent in the blocked usage segment
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TABLE 13. MANEUVER LOAD FACTOR SPECTRA FOR BII CLASS
Exceedances per 1,000 Hours by Segment
Ascent, Cruise
Load Descent, or Low-
Factor or High-Altitude Altitude
(nz) Refueling Penetration Penetration
3.5 0 0 0
3, 2 0.01 0 0.02
2.9 0.06 0.003 0.12
2.6 0.3 0.03 0.6
2.3 2 0.40 4
2.0 15 4 30
1.7 300 60 600
1.4 7,200 1,300 14,400
1.1 150,000 35,000 300,000
0.9 85,000 20,000 300,000
0.6 3,900 240 14,400
0.3 86 4 600
0.0 7 0.1 30
-0.3 0.9 0.002 4
-0.6 0.1 0 0.6
0.9 0.01 0 0.12
-1.2 0 0 0.02
-1.5 0 0 0
then
Tses = 1 (/1) (195)
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TABLE 14. MANEUVER LOAD FACTOR SPECTRA FOR CARGO ASSAULT CLASS

Exceedances per 1,0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>